Abstract -The biology, ecology, and dynamics of the deep-sea teleost black scabbardfish in the northeast Atlantic are reviewed. The black scabbardfish is a commercial bathypelagic species found in the NE Atlantic mostly from Iceland to the Canary Islands and Western Sahara, at depths from 800 to 1300 m. The spatial structure of its population is still uncertain, although the existence of one single stock that migrates around the NE Atlantic driven by feeding and reproduction is the most likely hypothesis consistent with available data. This review is based on data from commercial fisheries off the Faroe Islands, Hatton Bank, the west of the British Isles, and Portugal (mainland, Azores, and Madeira) and from Icelandic and Scottish scientific surveys collected between 1988 and 2012. Spawning of black scabbardfish occurs around Madeira and the Canary Archipelagos during the last quarter of the year. According to the migratory hypothesis, eggs, larvae, and possibly juveniles move north to areas from south of Icelandic and Faroe Islands to the west of the British Isles where they remain for some years to feed and grow. Then, they move south to the area off mainland Portugal, where they reach the size of first maturity but do not reproduce, and later move further south to the spawning grounds. Further studies are needed to understand which of the environmental conditions prevailing around Madeira and the Canaries, but not elsewhere, allow this species to mature and subsequently reproduce. This review suggests that a multidisciplinary approach is required to confirm the spatiotemporal migration and habitats used by black scabbardfish populations in the NE Atlantic at different life stages. Otolith contour shape and microchemistry, fatty acids, carbon and nitrogen stable isotopes, as well as steroid hormones are proposed as promising alternative tools for responding to this challenge.
Introduction
Aphanopus carbo Lowe, 1839 (Actinopterygii: Trichiuridae) occurs throughout the North Atlantic between 30 o N and 70 o N, from the strait of Denmark to western Sahara, being most abundant to the south of the Faroe Islands, in the Rockall Trough, to the west of mainland Portugal, and around Madeira and the Canary archipelagos, but also occurring in Iceland, the Mid-Atlantic Ridge and Corner Rise, and the Azores (Nakamura and Parin 1993; Parin 1995; Pajuelo et al. 2008; Machete et al. 2011) . The species has also been reported in the western part of the Atlantic, in Greenland, Canada, and the USA (Templeman and Squires 1963; Fitch and Gotshall 1972; Parin and Becker 1972; Peden 1974; Clarke and Wagner 1976; Gorbunova 1977; Howe et al. 1980; Nakamura 1984; Borets 1986; Lauth 1997) . Reports of a Corresponding author: ifarias@ipma.pt A. carbo occurrence in the eastern Pacific (Clarke and Wagner 1976; Howe et al. 1980; Pequeño 1989; McAllister 1990 ) and the southern Indian oceans (Piotrovskiy 1981) were deemed questionable by Nakamura and Parin (1993) . The absence of confirmed records in those areas, despite the worldwide development of deep-sea fisheries and surveys since the early 1990s, suggests that A. carbo is restricted to the North Atlantic.
A. carbo is a bathypelagic species that has been found at depths from 200 m, in the northern section of the NE Atlantic (Nakamura and Parin 1993; Kelly et al. 1998) , to 2300 m around the Canary Islands (Pajuelo et al. 2008) , but is more frequent between 800 and 1800 m in mainland Portugal (Martins et al. 1987) , 800 and 1300 m in Madeira (MoralesNin and Sena-Carvalho 1996) , and 400 and 1400 m off the west of the British Isles (Ehrich 1983; Allain et al. 2003) . Its distribution is mainly associated with steep slopes, underwater rises, and canyons to the west of Portugal and along the gentle 334 I. Farias et al.: Aquat. Living Resour. 26, 333-342 (2013) sedimentary slope to the west of the British Isles (Martins et al. 1987; ICES 2012) . Information regarding the black scabbardfish available from fisheries and surveys in the NE Atlantic is summarised in Table 1 . Although no eggs or larvae of black scabbardfish have been found, juveniles are reported to be mesopelagic (Parin 1986 ). Maul (1950) found two small specimens (10 and 15 cm total length) in the stomach of a long snouted lancetfish (Alepisaurus ferox Lowe, 1833). More recently, a specimen of approximately 10 cm, identified by DNA barcoding, was caught at the Senghor Seamount, off the northeast of Cape Verde (Hanel et al. 2010) . There are also records of fish as small as 26 cm from Icelandic surveys (Table 1) .
In terms of morphology, this species has a narrow elongated body with a pointed head and long dorsal fin, adapted for fast swimming; a large terminal mouth with large fang-like teeth, modified for efficient predation; large eyes (diameter is about a fifth to a sixth of head length) that facilitate sight in low light; and a coppery-black coloration with an iridescent tint to facilitate camouflage (Parin 1986; Nakamura and Parin 1993; Merrett and Haedrich 1997) . Life history traits such as diet, growth, reproduction, and energy consumption are directly dependent on physical conditions of the deep sea such as high pressure and low temperature, which hinder the metabolic rate processes of fishes, as well as on predation stress and low food availability (Graham et al. 1985; Merrett and Haedrich 1997) .
Recently, it was found that A. carbo coexists spatially with Aphanopus intermedius Parin, 1983 in the Azores, Madeira, the Canaries, and off the coasts of Morocco and the western Sahara (Nakamura and Parin 1993; Stefanni and Knutsen 2007; Stefanni et al. 2009; Biscoito et al. 2011) . However, it has been genetically confirmed that A. carbo is the only species that reaches the northernmost latitudes of the NE Atlantic (Stefanni and Knutsen 2007; Biscoito et al. 2011; Ribeiro Santos et al. 2013a ). The two species are morphologically very similar, yet both genetics (Stefanni and Knutsen 2007; Knutsen et al. 2009; Stefanni et al. 2009 ) and meristic characteristics (Tuset et al. 2010; Biscoito et al. 2011) How the black scabbardfish completes its life cycle is still in question. The most widespread hypothesis is that one single stock undertakes a large-scale clockwise migration around the NE Atlantic. Under this hypothesis, spawning is restricted to areas off Madeira, the Canary Islands, and possibly further south. Thereafter, juveniles recruit to the fisheries south of Iceland, around the Faroe Islands, and to the west of the British Isles, where they stay to feed and grow for a few years. From there, they first move south towards mainland Portugal and then further south to the spawning areas (Fig. 1) .
Some specific habitat properties that allow the metabolic processes inherent to reproduction, survival of eggs and larvae or both might exist exclusively around Madeira and the Canaries and hence merit further investigation.
2 State-of-the-art
Fisheries
There are three main deep-sea fisheries targeting the black scabbardfish in the NE Atlantic: (i) to the west of the British Isles, fish are mainly exploited by the French deep-sea trawl fishery (Nakamura and Parin 1993; ICES 2012) ; (ii) an artisanal fleet operates with bottom longlines in ICES (International Council for the Exploration of the Seas) Subarea IXa, off mainland Portugal (Bordalo-Machado et al. 2009; ICES 2012) ; and (iii) a third important commercial fishery is operated by artisanal horizontal drifting longliners off the Madeira Archipelago, within the CECAF (Fishery Committee for the Eastern Central Atlantic) area (Bordalo-Machado et al. 2009 ). The fishery in Madeira dates back to the seventeenth century (Merrett and Haedrich 1997) , whereas it started in mainland Portugal in the early 1980s (Martins et al. 1987 ) and in northern Europe in the early 1990s (Merrett and Haedrich 1997) . In ICES Subarea X, another directed fishery has recently started in Azorean waters (Portugal) (Machete et al. 2011) . In Madeira and the Azores, A. intermedius might be landed mixed with A. carbo (Stefanni and Knutsen 2007) . Additionally, a few smaller and interrupted fisheries occur in Faroese and Icelandic waters where the species is exploited by both longliners and trawlers (ICES 2012) and in the Canary Islands, where it is exploited by drifting mid-water longliners (Pajuelo et al. 2008) .
The trend in black scabbardfish landings in ICES northern (Subareas Vb, VI, VII and XII) and southern (Subareas IXa and VIII) components in the last two decades is shown in Figure 2 the maximum age was estimated to be 8 years for fish from Madeira (Morales-Nin and Sena-Carvalho 1996) and 32 years for the Rockall Trough (Kelly et al. 1998 ). Later, it was determined to be 12 years for Madeira and the Canaries (MoralesNin et al. 2002; Pajuelo et al. 2008) . More recently, the maximum age was estimated to be 12 years in mainland Portugal ) and 14 years in Madeira Delgado et al. 2013) . Since the length range used in all studies was similar, the differences might be associated with the age assignment criteria, otolith preparation techniques, quality of the equipment used or experience of the readers. The maximum age estimated by Morales-Nin and SenaCarvalho (1996) corresponded to a male of 130 cm and a female of 150 cm total length. These ages were probably underestimated because, when using whole otoliths in larger specimens from this species, the growth increments closer to the border are very difficult to identify ). On the contrary, the maximum age assigned by Kelly et al. (1998) using thin otolith sections was most likely overestimated since, with this preparation technique, the number of visible rings is very high and the authors reported problems in their interpretation. Regarding age estimations in Madeira and the Canary Islands in studies prior to 2008, when caught specimens started being routinely separated by species, the possible mixing of black and intermediate scabbardfish specimens could also explain the differences found between regions and should be 336 I. Farias et al.: Aquat. Living Resour. 26, 333-342 (2013) taken into consideration. The maximum ages assigned by Delgado et al. (2013) using whole otoliths were 14 years for black scabbardfish and 15 years for intermediate scabbardfish.
Overall, the age estimation of the black scabbardfish is difficult and has not yet been validated. Both the seasonality of the deposition of material at the otolith margin and of daily growth increments would deserve additional studies with standardised methods using material from all areas and seasons. The growth parameters estimated based on the von Bertalanffy growth equation showed a relatively rapid growth rate for the black scabbardfish (Table 2 ). Figure 3 represents the growth curves according to sex for all available studies, restricted to the length range of each fish sample. Growth estimates from Vieira et al. (2009) and Delgado et al. (2013) seem to be in agreement, without any meaningful area effect. Ageat-length from Kelly et al. (1998) was consistently higher than in all the other studies. This implies a low k for fish from the west of the British Isles which is not in agreement with the predominance of young immature specimens in this area.
Rapid growth of deep-sea juvenile fishes has been shown to be an advantageous strategy in feeding success and predation avoidance (Crabtree and Sulak 1986) . Nonetheless, in the results of Vieira et al. (2009) the absence of small individuals caught off Madeira may have interfered with the accuracy of the growth parameter estimates. In contrast, slow growth rate is observed for adults, as a result of a transfer of energy investment from growth to reproduction (Lika and Nisbet 2000) . This strategy contrasts with that of species whose growth continues after maturation, such as most shelf demersal and pelagic commercial fish. Size ranges reported for different areas in the NE Atlantic are presented in Table 1 . The smallest specimens were reported in Iceland, where this species can be caught in relatively shallow waters, whereas the largest fish were caught off the Azores, where this species reaches deeper waters.
Length frequency distributions for different ICES and CE-CAF management units in 2011 are presented in Figure 4 (ICES 2012). In general, the size distributions move towards higher values from north to south of the NE Atlantic. In the Azores, the bimodal length distribution found to the south of Pico (Fig. 4g) is probably a consequence of mixing between A. carbo and A. intermedius, since the latter species has been described in this area (Stefanni and Knutsen 2007) .
Diet
The black scabbardfish is a top predator, which feeds on a large food spectrum (Zilanov and Shepel 1975; Nakamura and Parin 1993; Ribeiro Santos et al. 2013b) . Diet studies based on gut content analyses are difficult in this species because, most of the time, these are either already fully digested or have been regurgitated as a result of hydrostatic decompression, as happens in deep-sea fishes that have a swim bladder (Stowasser et al. 2009 ). This difficulty is worsened when sampling fish are caught by the commercial longlines off Madeira and mainland Portugal because the soaking time can be up to 40 h (BordaloMachado et al. 2009 ), enabling the full digestion of the stomach contents. As a consequence, the vacuity index calculated for fish from Madeira was 93 to 98% (Freitas 1998; Ribeiro Santos et al. 2013b) , whereas it varied from 66 to 94% for specimens caught by trawls to the west of the British Isles (Mauchline and Gordon 1984; Ribeiro Santos et al. 2013b) (Table 3) . Table 3 summarizes the published information on the diet of the black scabbardfish in the NE Atlantic. To the west of the British Isles, several studies have focused on the diet of this species. Du Buit (1978) identified two fish taxa, Argentina sp. (Osmeriformes) and Gadidae, in eight non-empty stomachs. Mauchline and Gordon (1984) and Ribeiro Santos et al. (2013b) found mostly fish, namely blue whiting (Micromesistius poutassou), and a small amount of cephalopods. The differences between these studies may be related to the seasonal changes observed by Ribeiro Santos et al. (2013b) who associated the decrease in blue whiting and consequent increase in cephalopods and crustaceans in the diet of the black scabbardfish with the migration of blue whiting to the Norwegian Sea. In fact, when Howell et al. (2009) combined the diet composition of fish caught by scientific surveys off the Rockall Trough with earlier data from Mauchline and Gordon (1984) , the resulting diet was approximately 50% cephalopods and 44% blue whiting.
In fish caught off Madeira, the main prey were the cephalopods Chiroteuthis spp., Mastigoteuthis sp., Histioteuthis sp., and Taonius sp., and the fish Chauliodus sp., as well as several Myctophidae (Freitas 1998 ). The differences between the diets of black scabbardfish caught off the British Isles and off the Madeira archipelago may be related to food availability given that, in the latter area, no large stocks of small pelagic and mesopelagic fish, such as blue whiting, can be found.
Reproduction
The black scabbardfish is an iteroparous species, since it can spawn multiple times throughout its life, and is also a total spawner, as it spawns in one single event (Pajuelo et al. 2008 fecundity, which means that the potential annual fecundity corresponds to the number of vitellogenic oocytes minus the number of oocytes reabsorbed on account of atresia Ribeiro Santos et al. 2013a ). Mature and spawning adults have only been observed in the last quarter of the year in Madeira (Figueiredo et al. 2003; Neves et al. 2009; Ribeiro Santos et al. 2013a) , the Canaries (Pajuelo et al. 2008) , and the northwest coast of Africa (Perera 2008) . Estimated female length at first maturity (L 50 ) was 103 cm around Madeira (Figueiredo et al. 2003) and 114 cm around the Canary Islands (Pajuelo et al. 2008 ). Once again, the possible mixture of black and intermediate scabbardfish specimens in the samples may have biased these results. In a more recent work, female L 50 was estimated to be 111 cm for Madeira and 116 cm when also including specimens from the west of the British Isles (Ribeiro Santos et al. 2013a) . These values are probably overestimated because the estimation did not include specimens from Madeira smaller than 92 cm in total length. Despite the available information questions remain on the reproductive dynamics of this species.
First, why does the black scabbardfish not mature and spawn elsewhere than Madeira and the Canaries? In mainland Portugal, vitellogenesis begins at the same time as in those areas and a high proportion of caught individuals (ca. 25%) is larger than L 50 (Figueiredo et al. 2003; Neves et al. 2009 ). Additionally, although reported in the past at Porcupine Bank, to the west of the British Isles (Ehrich 1983 ) and in Icelandic waters (Magnússon and Magnússon 1995) , reproduction has not been observed in these locations since. In fact, even though fish attain relatively high total length, only maturity stages I and II have been observed in either of these areas (Table 1) . Because gonad macroscopic features are difficult to interpret, which could have led to incorrect assignments of maturity stage in the past, a standardized maturity scale was proposed for the black scabbardfish (Gordo et al. 2000) .
In terms of physiological condition indicators, the gonadosomatic index (GSI) is higher around Madeira than off mainland Portugal ) and to the west of the British Isles (Ribeiro Santos et al. 2013a ) for the same body length. Furthermore, atresia occurs in stage II ovaries from fish caught off the previous areas before and during the spawning period Ribeiro Santos et al. 2013a ). The most likely hypothesis is that intrinsic (e.g., energy budget, chemical predisposition) and extrinsic (e.g., water temperature) factors that condition the maturity process are lacking in the previous areas mentioned above. Fish in a poor nutritional state would cease the maturation process and remain in the same location, whereas fish in a better state would migrate to areas that provide the environmental conditions to optimize spawning and the survival of eggs and larvae Ribeiro Santos et al. 2013a ). The differences found in GSI are in accordance with the proposed hypothesis for population dynamics, even though no conclusions regarding migratory movements can be drawn from it.
Steroid hormones are responsible for triggering reproductive processes such as gametogenesis, so their levels are expected to change during the reproductive cycle and to be different between fish in distinct maturity stages (Modesto and Canário 2003) . In an on-going study, variations in the level of steroid hormones in the plasma of black scabbardfish caught off Madeira and mainland Portugal are being analysed (Farias et al., unpublished) . Further work is needed to assess whether the study of steroid hormones in black scabbardfish in different areas and seasons would help us to understand the relationship between the migratory and reproductive cycles.
A second question is whether females are able to reproduce in consecutive years. Females spawn all oocytes contained in their ovaries in a single event at each reproductive cycle. Therefore, all females larger than the length at first maturity are expected to mature and spawn simultaneously. Assuming that the age at maturity is approximately 6.5 years (after Figueiredo et al. 2003 and Vieira et al. 2009 ) and that the oldest specimens found were 14 years old Delgado et al. 2013) , females are expected to be able to spawn for a period of 8 years. However, the presence of nonreproductive adults mixed with spawning adults in Madeira during the spawning period suggests that skipped spawning may occur in this species Ribeiro Santos et al. 2013a ). Skip spawning is an efficient strategy for saving energy that can then be allocated to growth and large scale migration (Ribeiro Santos et al. 2013a) , as well as to subsequent reproduction.
Migration
Techniques to study the migration of coastal species, namely mark-recapture, tagging, telemetry, hydroacoustics and diet composition, are difficult to apply to deep-sea species owing to sampling constraints that result from depth and pressure. An innovative combination of tools that may provide complementary information for clarifying the migration pattern, stock structure and spatiotemporal dynamics of this species in the NE Atlantic could include otolith microstructure, otolith shape, fatty acids, and stable isotopes. Multidisciplinary studies carried out so far to uncover these aspects are quickly reviewed below.
In a previous study, black scabbardfish from the three Portuguese directed fisheries (mainland, Madeira, and the Azores) was characterized in terms of reproductive strategy ), growth ), otolith shape ), parasites (Santos et al. 2009 ), and contamination (Costa et al. 2009) , with the goals of identifying its stock structure and assessing its biochemical composition. The differences found between areas support the migratory hypothesis but do not provide proof because they are mainly dependent on the ontogenetic structure of each sampling location, besides reflecting an unbalanced sampling scheme, given that the sample size collected off the Azores was much smaller than for the other areas.
Otolith contour shape analysis was used to discriminate specimens from mainland Portugal, the Azores, and Madeira ). Differences were found in otolith contour shape between geographical regions, which is in agreement with the hypothesis of fish remaining a few years at each location. In another study, otolith shape supported the existence of a single population of black scabbardfish off Madeira and the Canaries, but the number of specimens was too small to be conclusive ). This result is very interesting in terms of the migration hypothesis and its relation with the reproductive cycle because it is evidence that fish from Madeira and the Canaries constitute the same population.
Fatty acids
In fishes, fatty acids (FA) can be used as indicative biomarkers for different trophic levels (Kirsch et al. 2000) . Preliminary results of analyses performed on black scabbardfish muscle indicate that immature specimens caught off Iceland and the west of the British Isles accumulate mainly oleic acid, which is a precursor of all omega-3 and omega-6 polyunsaturated fatty acids (PUFA) (Dalsgaard et al. 2003) . Additionally, in fishes caught off Madeira, which were mostly mature, and mainland Portugal, which are mostly in the developing and pre-spawning stages, a prevalence of PUFA, namely arachidonic acid and docosapentaenoic acid, has been observed (Farias et al., unpublished) . PUFA are precursors of prostaglandins, which have an important role in reproduction, stimulating ovulation and spawning and eliciting female sexual behaviour (Stacey and Goetz 1982) , and their prevalence in specimens from Madeira and mainland Portugal might be related to the predominance of pre-spawning and spawning maturity stages.
Similar results were obtained by Nogueira et al. (2013) , who analysed FA in the muscle and liver of black scabbardfish caught off Madeira. The main differences between these two studies are in two monounsaturated fatty acids (MUFA), which were not detected in muscle samples in Nogueira et al. (2013) , but were found in muscle samples from all the geographical areas analysed in the aforementioned study (Farias et al., unpublished) . These divergences might result from differences in apparatus sensitivity, as well as from the deterioration of the tissues, since the samples analysed by Nogueira et al. (2013) were left in ice for 1-2 days between capture and laboratory analyses.
Stable isotopes
Ribeiro Santos et al. (2013b) analysed the diet of black scabbardfish caught off Madeira and to the west of the British Isles in terms of δ 15 N and δ 13 C and concluded that this species forms a link between the pelagic and the benthopelagic food webs, reflecting preferred feeding on pelagic fish and cephalopods. Seasonal changes in δ 15 N were observed in fish caught off the west of the British Isles, supporting a shift to prey of a lower trophic level during the season when blue whiting migrates northward. The observed depletion in δ 13 C in November in fish from Madeira could result from adults moving to shallower waters closer to the shore to spawn, as reported by local fishermen, which would imply a change between very different food sources (DeNiro and Epstein 1978 Santos et al. (2013b) for the latter area, whereas the values from fish caught in the two southernmost areas are higher than the value for Madeira. The differences between studies suggest annual or seasonal variations associated with the sampling periods, which need to be further analysed. It is worth noting that the similar δ 13 C observed in fish caught off Iceland and the west of the British Isles is supported by the geographical proximity between these sampling sites, whereas different mean δ 15 N reflects dissimilarities in the diet of black scabbardfish between these regions (Farias et al., unpublished) .
Discussion
The assessment of exploited populations and the subsequent proposal of management measures are focused on stocks. There are several definitions for stock but the most commonly agreed upon is that it is a group of fishes with similar life history characteristics large enough to be selfreproducing (Hilborn and Walters 1992) . Since the stock structure is still unknown for most exploited species, stock units are adopted for management purposes. These units are reasonably heterogeneous for a number of biological, spatial, and temporal dimensions (Hilborn and Walters 1992) . In the case of the black scabbardfish, ICES considers three management units (ICES 2012): "Northern" (Divisions Vb and XIIb and Subareas VI and VII); "Southern" (Subareas VIII and IX); and "Other areas" (Divisions IIIa and Va Subareas I, II, IV, X, and XIV). Quinta et al. (2004) found genetic evidence of the black scabbardfish population being genetically structured into two groups: those from the eastern Atlantic (mainland Portugal and the Hatton Bank) and those from around the Madeira archipelago. However, it is now clear that these results were most likely confounded by the occurrence of A. intermedius around Madeira (Stefanni and Knutsen 2007; Knutsen et al. 2009; Stefanni et al. 2009 ).
The current understanding of the population dynamics of black scabbardfish in the NE Atlantic implies that spawning occurs around Madeira, the Canary Islands, and possibly a few other southern areas, like the NW coast of Africa (Figueiredo et al. 2003; Pajuelo et al. 2008; Perera 2008; Neves et al. 2009 ). Juveniles occur mainly in the northernmost areas, namely Iceland, the Faroe Islands, and the west of the British Isles, where small fish of 2-3 years old are caught by fisheries and surveys. The northward migration from the spawning areas to the latter areas might also involve larvae and juveniles up to a length of 60 cm or more. After having grown in northern areas for a few years, these fish move south towards mainland Portugal, where they remain a few more years before migrating further south to the spawning areas. This migratory behaviour is expected to be driven by feeding and reproduction (Zilanov and Shepel 1975; Anon. 2000; Figueiredo et al. 2003) .
The depth and route of these migratory movements, as well as the contribution of active swimming vs. passive drifting, are unknown. It may be that the species migration makes use of poorly known oceanic features, allowing small juvenile black scabbardfish to reach northern areas. Furthermore, the geographical limitation of the known spawning areas for a species that is widespread in the NE Atlantic suggests the occurrence of particular hydrological or trophic features in those areas. The proposed innovative approach can thus yield new knowledge on the biological as well as physicochemical features of the NE Atlantic deep-sea ecosystem.
In conclusion, several methods have already been used to clarify the migration of this species. So far, otolith shape ), oocyte maturity (Ribeiro Santos et al. 2013a) , and microchemical analysis of the larval portion of otoliths (Longmore 2011 ) support the migratory hypothesis, showing evidence of a single black scabbardfish stock in the NE Atlantic.
Notwithstanding, other techniques have a good potential to provide complementary information. For example, elemental composition of the otolith core could be used to assess whether black scabbardfish from different areas were all born in similar hydrological conditions, i.e., in the same location. Moreover, the combination of fatty acids and stable isotopes provides important information for understanding the structure of this species in the NE Atlantic by elucidating the connection of trophic and reproductive processes with prevailing environmental features in the different areas where the species spends parts of its life cycle.
